Changes in memory performance are one of the hallmark symptoms of mild cognitive impairment and are affected by healthy aging as well. Pattern separation, which refers to the process of orthogonalizing overlapping inputs into distinct memory representations, may be a sensitive marker of these memory changes. Here, we describe a paradigm, the Behavioral Pattern Separation Task-Object Version (BPS-O task), which reveals age-related changes in pattern separation performance. Specifically, we report an age-related decline in pattern separation in healthy adults, ranging from ages 20 to 89. When we classify those individuals aged 60 and older into two groups, Aged Unimpaired (AU) and Aged Impaired (AI) based on their delayed word recall performance, we observe impairments in pattern separation performance in the Impaired group, but no overall impairment in recognition performance. In contrast, those individuals diagnosed with mild cognitive impairment demonstrate worse performance than age-matched controls in both pattern separation and recognition memory performance. Therefore, the BPS-O task provides a sensitive measure for observing changes in memory performance across the lifespan and may be useful for the early detection of memory impairments that may provide an early signal of later development to mild cognitive impairment.
Introduction
In recent years there has been growing evidence from both humans (Bakker, Kirwan, Miller, & Stark, 2008; Lacy, Yassa, Stark, Muftuler, & Stark, 2011) and rodents (Leutgeb, Leutgeb, Moser, & Moser, 2007; for review, see Yassa & Stark, 2011 ) that a process known as pattern separation relies critically on the dentate gyrus (DG) of the hippocampus. Pattern separation refers to the orthogonalization of similar inputs into distinct, non-overlapping representations such that new memories can be stored rapidly without inducing large amounts of interference (McClelland, McNaughton, & O'Reilly, 1995; Norman & O'Reilly, 2003) . This rapid storage of arbitrary information is a critical component of episodic memory. Evidence from aging in humans (Stark, Yassa, & Stark, 2010; Yassa, Lacy et al., 2010; Yassa, Mattfeld, Stark, & Stark, 2011) and rodents (Wilson, Gallagher, Eichenbaum, & Tanila, 2006; Wilson, Ikonen, Gallagher, Eichenbaum, & Tanila, 2005; Wilson et al., 2004) has suggested that paradigms designed to tax pattern separation can be used to investigate dentate gyrus function. For example, in humans, BOLD fMRI activity consistent with pattern separation has been observed in the DG and CA3 subfields of the hippocampus (Bakker et al., 2008; Lacy et al., 2011) . This subfield-level activity changes in at least two different ways with age in a manner that predicts behavioral deficits in pattern separation. First, elevated BOLD fMRI response during performance of a pattern separation task has been noted in older adults (Yassa, Lucy et al., 2010) and individuals with amnestic mild cognitive impairment (aMCI; Yassa, Stark et al., 2010) . In both cases, increased activity is correlated with worse performance on the task, suggesting that it is a marker of network dysfunction rather than a compensatory response. This finding is consistent with electrophysiological recording in aged rodents with pattern separation impairments which show elevated firing rates in CA3 neurons (see Wilson et al., 2006 for review) .
Both computational accounts and cross-species empirical studies of CA3 function have ascribed a process known as pattern completion to the recurrent collateral connections in this region which form an auto-associative network engaged during retrieval (Yassa & Stark, 2011 for review) . Pattern completion is the ability to retrieve a pre-existing representation when given a partial or degraded cue. This is a computational bias that opposes pattern separation and predisposes the hippocampal network to retrieval 
